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(54) Process for manufacture of closure assembly 



(57) A process for making a closure assembly 
includes placing a closure cap portion in a compression 
mold, introducing a melt of elastomer, pressing the melt 
into a septum against the cap and applying a foil barrier 



against the septum. The process may be performed in a 
rotary compression molding apparatus. 
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Description 

[0001] 1 . Field of Invention : This invention relates to 
molding processes, and more particularly relates to an 
improved process by which multi-component closures 5 
may be molded by an operationally simple and cost effi- 
cient process. 

[0002] 2. Background of the Invention : Multi-compo- 
nent closures for vessels such as flasks, vials, tubes 
and the lite have conventionally been manufactured by 
injection or compression molding of the individual com- 
ponents and subsequently combining the individual 
parts in one or more separate processes. For example, 
in the manufacture of tube closures, a septum for pene- 
tration by a needle is stamped out of an elastomeric 
sheet and adhered to a performed cap portion. Addi- 
tional components, such as a foil lining, may then be 
added. 

[0003] Such processes are inefficient from a process- 
ing standpoint and also result in material waste at each 
step. In all injection molding machines, some polymer 
remains in the sprue after the mold is closed, leaving a 
projecting piece or tab which must be removed after the 
product is ejected from the mold. Often, the tabs are 
simply discarded, or for reasons of economy, may be 
recovered and recycled. In either case the inefficiency 
and additional cost which result lead to reduced produc- 
tivity from the mold. 

[0004] In compression molding, an apparatus which 
resembles a waffle iron is used wherein melted polymer 
fills all mold cavities without passing through gates and 
runners. When all the cavities are filled, the mold is 
closed and heat and pressure are applied from a 
hydraulic press. While this process eliminates gates and 
runners, a surplus of polymer must be used to ensure 
total cavity fill. The heat and pressure cause the poly- 
mer to fill the cavity and cause spillage out into overflow 
grooves. Polymer in the grooves, like the tabs in injec- 
tion molding, must be recycled or discarded. Compres- 
sion molding, like injection molding, is inherently a batch 
process but is less efficient than injection molding, 
because a separate machine is required to separate the 
individual articles from the single large "Waffle" which 
comes out of the compression mold. 
[0005] Rotary compression molding is a recent devel- 
opment in which individual molds on the track of a con- 
tinuously revolving platform are individually charged 
with a melt of thermoplastic material. Compression and 
heating of the thermoplastic in the mold by a plunger 
forms the desired article. The mold-plunger unit 
advances along the track and is opened when the arti- 
cle has solidified. 

SUMMARY OF THE INVENTION 

[0006] In a process for making a closure assembly, a 
closure cap having an open lower end and a top wall 
having an opening is placed, top wall down, in a com- 



pression mold. A predetermined quantity of a thermo- 
plastic elastomer (TPE) is added to the cap and pressed 
by a matching male forming pin into a septum which 
covers the opening and adheres to the underside of the 
top wall. A permeability lowering barrier may then he 
pressed against the septum. In a preferred process, the 
cap is introduced to the female cavity of a compression 
moid at a first station of a rotary compression molding 
apparatus and subsequent steps of the process are per- 
formed sequentially at later stations. 
[0007] Conventional processes for making closure 
assemblies include preparing a performed sheet of 
elastomeric material, laminating a foil barrier materia! 
thereto, stamping septum-foil units from the laminated 
sheet and adhering these to injection molded caps, 
often with an adhesive. These procedures are time con- 
suming and up to 30% of the elastomer is lost during the 
stamping operation and must he discarded or recycled. 
The present invention overcomes the lost time and 
material of conventional processes, eliminates any 
need for adhesive, and is accordingly much more effi- 
cient. 

BRIEF DESCRIPTION QF THE DRAWING? 
[0008] 

Fig 1 is a perspective view of a closure assembly 
made by the process of the invention; 

Fig 2 is a vertical sectional view of the assembly of 
Fig 1 taken along the line 2-2 thereof; and 

Fig 3 is a top plan view of the assembly of Fig 1 . 

DETAILED DESCRIPTION 

[0009] While this invention is satisfied by embodi- 
ments in many different forms, there will herein be 
described in detail embodiments of the invention with 
the understanding that the present disclosure is to be 
considered as exemplary of the principles of the inven- 
tion and is not intended to limit the invention to the 
embodiments illustrated and described. The scope of 
the invention will be measured by the appended claims 
and their equivalents. 

[001 0] In the process of the invention, a multi-compo- 
nent closure assembly is produced by compression 
molding a puncturable septum directly across an open- 
ing in a cap portion, and then, without removing the cap- 
septum unit from the mold, a permeability-lowering bar- 
rier is introduced and adhered to the septum. 
[0011] Adverting now to the drawings. Figs 1-3 illus- 
trate a typical tube closure assembly fabricated by the 
process of the invention. Assembly 10 includes a cap 
portion 1 1 having an annular top wall 12 having a bot- 
tom edge 13 and a side wall 14 defining an open bottom 
end 16. Side wall 14 may include a shelf 18 for engage- 
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ment with the lip of a tube (not shown). Top wall 12 
includes an opening 20 to receive a needle. A septum 
22 is adjacent and adhered to bottom edge 13 of cap 
portion 11. A permeability lowering barrier 24 is adja- 
cent and adhered to septum 22. As shown in Fig 3, sep- 
tum 22 is visfole through opening 20 when the closure 
assembly is viewed from above. 
[0012] The cap portion 11 of the assembly may be 
fabricated by any conventional process, such as injec- 
tion molding, and may be of any conventional plastic 
which is compatible with and forms a secure bond with 
the material selected for the septum, as delineated 
below. Preferred plastics for the cap are polyolefins, 
such as polyethylene or polypropylene, polyethylene 
terephathalate (PET) and polystyrene. Fabrication of 
the cap portion is not part of this invention. The injection 
molded cap portion may be placed in the female cavity 
of a compression mold with top wall 12 in the bottom of 
the cavity so that open bottom end 1 6 faces up. A quan- 
tity of melt of TPE predetermined to form septum 22 is 
then introduced, preferably by extrusion, into the cap 
portion in the mold cavity. A matching male forming pin 
is introduced into the female cavity to force the elas- 
tomer into the shape of septum 22 which is thereby 
pressed against and bonds with bottom edge 13 of cap 
top wall 12. 

[001 3] Any TPE which forms a secure bond to the cap 
may be used for the septum. Suitable thermoplastics for 
septums to be used with polystyrene caps are for exam- 
ple acrylonitrile- butadiene-styrene or styrene-butadi- 
ene rubbers. For PET caps a septum of polyester TPE , 
such as HYTREL™ (DuPont) is preferred. 
[0014] Elastomers suitable for septums to be used 
with polyolefin caps are thermoplastic polyolefin rub- 
bers, generally referred to as TPOs, for example ethyl- 
ene-propylene-diene monomer (EPDM) rubber in a 
polypropylene matrix, commercially available under the 
trade name SANTOPRENE™ from AES (Advanced 
Elastomer Systems. Akron, Ohio). 
[001 5] A preferred elastomer for septums to be used 
with polyolefin caps is the class of copolymers known in 
the art as metallocene copolyolefins, i.e., copolymers 
made using metallocene catalysts. Exemplary of such 
products are copolymers of ethylene with an alpha ole- 
fin of 3-20 carbon atoms. These products are commer- 
cially available from Exxon under the trade name 
EXACT™ or from Dow under the trade name 
ENGAGE™. 

[0016] The most preferred elastomer for a septum to 
be used with a polyolefin cap is a metallocene copoly- 
mer of the EXACT or ENGAGE series which has been 
silane-grafted to contain about 0.2-10% by weight of 
sane. Silane-grafted metallocene polyolefin copolymers 
are well known in the art and are fully described in Euro- 
pean Patent Application EP 0 702 032A2 and Interna- 
tional Application No. WO 95/29197. They form 
exceptionally strong bonds to polyolefin caps. Silanes 
which may be grafted to polyolefins are sold by HULS 



AG (Somerset. N.J.) under the trade name DYNASY- 
LAN™. A preferred grafting agent is vinyl trimethoxy 
silane. 

[001 7] if it is desired that the septum be hardened, the 
5 capseptum unit in the mold may optionally be exposed 
to moisture to crosslink the polymer of the septum 
through siloxane groups. Crosslinking of silane-grafted 
metallocene polyolefins is conventional in the art. 
[001 8] Without removing the cap-septum unit from the 
10 mold, a permeability lowering barrier may be pressed 
against and bonded to the septum. The barrier prefera- 
bly is of foil, most preferably aluminum foil, though any 
other suitable material as known in the art may be used. 
If a more secure bond between the septum and the foil 
is barrier is desired, the foil may be coated with any suita- 
ble adhesive such as CHEMLOK™ (Lord Corporation, 
Erie, PA). The barrier may be about 0.3 to 3 micron 
thick. 

[001 9] The preferred process of the invention is con- 
st? tinuous. In this embodiment of the invention, a line of 
female compression molds moves along a track. Each 
mold visits sequentially a series of stations where an 
operation in the process takes place. Thus, at a first sta- 
tion along the tack, the mold receives the injection 
25 molded cap portion, as described above. The mold con- 
taining the cap advances along the track to a second 
station where the predetermined quantity of elastomer 
is extruded into the cap in the mold. At this station, the 
mating male forming pin may be introduced to compres- 
30 sion mold the elastomer into the shape of the septum, or 
preferably, the mold, after receiving the elastomer, may 
be advanced to the next sequential station where the 
forming pin enters the mold and compression molds the 
elastomer into the septum and against the bottom edge 
35 of the top wail of the cap. The forming pin may then be 
retracted and the foil or foil-adhesive unit introduced 
and pressed against the septum by reentry of the form- 7 
ing pin. 

[0020] Alternatively, the mold containing the cap-sep- 

40 turn unit may be further advanced and the foil barrier 
introduced at a subsequent station. An apparatus suita- 
ble for the continuous process of the invention is 
described in detail in U.S. Patent No. 4,314,799. 
[0021 ] In any closure, it is critical that the septum bond 

45 securely to the cap so that no separation or leakage 
occurs. For example, it is readily seen that failure of the 
septum-cap seal would compromise the vacuum in an 
evacuated blood collection tube and lead to incomplete 
sample collection. In the present invention, it has been 

so found that compression molding the melt bonds the 
elastomeric septum against the cap with sufficient 
strength so that adhesive is not required and leakage 
does not occur. Bond strength between septum and cap 
in closures made by the process of the invention and the 

55 prior art may be tested qualitatively for leakage by the 
procedure of the Example. 
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10022] The closure to be tested for leakage was 
inserted into the open end of a 1 6X1 00 mm plastic tube. 
Ten ml of water were added (80% fill), and the tube was 
dropped from heights of 78 and 39 in. onto a laboratory 
floor (simulated hospital floor). The tubes were then vis- 
ually examined for leakage through the cap-septum 
seal. No separation of septum from cap was observed 
with the following closure assemblies made by the proc- 
ess of the invention, and no leakage was observed. 
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1) polystyrene cap - HYTREL septum-foil barrier 

2) polypropylene cap - SANTOPRENE septum-foil 
barrier 15 

3) polypropylene cap - silane-grafted EXACT sep- 
tum-foil barrier 7. 



Claims 

1 . A process for making a closure assembly compris- 
ing: 

a) placing a plastic cap portion of a closure 
assembly having a top wall defining an opening 
into the female cavity of a compression mold, 
said cap portion being placed with said top wall 
adjacent to the bottom wall of said mold; 

b) adding a thermoplastic elastomer to said 
cap portion; 

c) pressing said elastomer into a septum 
sealed against said top wall and covering said 
opening; and 

d) affixing a permeability lowering barrier to 
said septum. 

2. The process of Claim 1 wherein said elastomer is 
pressed into said septum by a matching male form- 
ing pin. 

3. The process of Claim 2 wherein said cap portion is 
placed in the female cavity of a compression mold 
at a first station of a rotary compression molding 
apparatus. 

4. The process of Claim 1 wherein said plastic cap is 
of polystyrene, polyolefin or polyethylene tereph- 
thalate. 

5. The process of Claim 1 wherein said elastomer is 
selected from a group consisting of styrene-butadi- 
ene rubber, ethylene propylene diene monomer 
rubber, a copolymer of ethylene and an alpha olefin 
of 3-20 carbon atoms, and a silane grafted copoly- 
mer of ethylene and an alpha olefin of 3-20 carbon 
atoms. 
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a) placing a polyolefin cap portion of a closure 
assembly having a top wall defining an opening 
into the female cavity of a compression mold, 
said top wall being adjacent to the bottom wall 
of said mold; 

b) introducing a melt of a copolymer of ethylene 
and an alpha olefin of 3-20 carbon atoms into 
said cap portion; 

c) pressing said copolymer with a matching 
male pin to form a septum against said top wall 
and covering said opening; and 

d) affixing a permeability-lowering barrier to 
said septum. 

The process of Claim 6 wherein said copolymer 
includes sane grafts. 

The process of Claim 7 further comprising 
crosslinking said septum of silane-grafted copoly- 
mer. 



9. A process for making a tube closure assembly com- 
25 prising: 



a) placing a polyolefin cap portion of a closure 
assembly having a top wall defining an opening 
into the female cavity of a compression mold at 
a first station of a rotary compression molding 
apparatus, the top wall of said cap portion 
being placed adjacent to the bottom of said 
mold; 

b) adding a predetermined quantity of a melt of 
a silane-grafted copolymer of ethylene and an 
alpha olefin of 3-20 carbon atoms into said cap 
portion in said female cavity; 

c) pressing said copolymer with a matching 
male pin to form a septum against said top wall 
and covering said opening; and 

d) pressing a permeability-lowering barrier 
against said septum with said male pin. 
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10. The process of Claim 9 wherein the septum is 
crosslinked. 



6. A process for making a closure assembly compris- 
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Descript! n 

[0001 J Field of Invention : This invention relates to 
molding processes, and more particularly relates to an 
improved process by which multi-component closures 
may be molded by an operationally simple and cost ef- 
ficient process. 

[0002] Background of the Invention: Multi-component 
closures for vessels such as flasks, vials, tubes and the 
like have conventionally been manufactured by injection 
or compression molding of the individual components 
and subsequently combining the individual parts in one 
or more separate processes. For example, in the man- 
ufacture of tube closures, a septum for penetration by a 
needle is stamped out of an elastomeric sheet and ad- 
hered to a performed cap portion. Additional compo- 
nents, such as a foil lining, may then be added. 
[0003] Such processes are inefficient from a process- 
ing standpoint and also result in material waste at each 
step. In all injection molding machines, some polymer 
remains in the sprue after the mold is closed, leaving a 
projecting piece or tab which must be removed after the 
product is ejected from the mold. Often, the tabs are sim- 
ply discarded, orfor reasons of economy, may be recov- 
ered and recycled. In either case the inefficiency and 
additional cost which result lead to reduced productivity 
from the mold. 

[0004] In compression molding, an apparatus which 
resembles a waffle iron is used wherein melted polymer 
fills all mold cavities without passing through gates and 
runners. When all the cavities are filled, the mold is 
closed and heat and pressure are applied from a hy- 
draulic press. While this process eliminates gates arid 
runners, a surplus of polymer must be used to ensure 
total cavity fill. The heat and pressure cause the polymer 
to fill the cavity and cause spillage out into overflow 
grooves. Polymer in the grooves, like the tabs in injec- 
tion molding, must be recycled or discarded. Compres- 
sion molding, like injection molding, is inherently a batch 
process but is less efficient than injection molding, be- 
cause a separate machine is required to separate the 
individual articles from the single large "waffle" which 
comes out of the compression mold. 
[0005] Rotary compression molding is a recent devel- 
opment in which individual molds on the track of a con- 
tinuously revolving platform are individually charged 
with a melt of thermoplastic material. Compression and 
heating of the thermoplastic in the mold by a plunger 
forms the desired article. The mold-plunger unit advanc- 
es along the track and is opened when the article has 
solidified. 

[0006] US-A-5647939 discloses a method of making 
an open top cap in which a silicone rubber septum is 
directly bonded to the flange of an open top plastic cap 
by separately ionizing a surface of the elastomer and 
ionizing a surface of the plastic and then immediately 
compressing the ionized surfaces together while apply- 
ing pressure and heat. 



SUMMARY OF THE INVENTION 

[0007] In a process for making a closure assembly, a 
closure cap having an open lower end and a top wall 

5 having an opening is placed, top wall down, in a com- 
pression mold. A predetermined quantity of a thermo- 
plastic elastomer (TPE) is added to the cap and pressed 
by a matching male forming pin into a septum which cov- 
ers the opening and adheres to the underside of the top 

10 wall. A permeability lowering barrier may then be 
pressed against the septum. In a preferred process, the 
cap is introduced to the female cavity of a compression 
mold at a first station of a rotary compression molding 
apparatus and subsequent steps of the process are per- 

15 formed sequentially at later stations. 

[0008] Conventional processes for making closure 
assemblies include preparing a performed sheet of elas- 
tomeric material, laminating a foil barrier material there- 
to, stamping septum-foil units from the laminated sheet 

20 and adhering these to injection molded caps, often with 
an adhesive. These procedures are time consuming 
and up to 30% of the elastomer is lost during the stamp- 
ing operation and must be discarded or recycled. The 
present invention overcomes the lost time and materia! 

25 of conventional processes, eliminates any need for ad- 
hesive, and is accordingly much more efficient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0009] 

Fig 1 is a perspective view of a closure assembly 
made by the process of the invention; 

35 Fig 2 is a vertical sectional view of the assembly of 
Fig 1 taken along the line 2-2 thereof; and 

Fig 3 is a top plan view of the assembly of Fig 1 . 

40 DETAILED DESCRIPTION 

[001 0] In particular, the present invention relates to a 
process for making a closure assembly (1 0) comprising 
the sequential steps of: 

45 

a) placing a plastic cap portion (1 1 ) of a closure as- 
sembly (1 0) having a top wall (12) defining an open- 
ing (20) into the female cavity of a compression 
mold, said cap portion being placed with said top 

so wall (12) adjacent to the bottom wall (16) of said 
mold; 

b) adding a thermoplastic elastomerto said cap por- 
tion (11); 

c) pressing said elastomer into a septum (22) 
55 sealed against said top wall (1 2) and covering said 

opening (20); and 

d) affixing a permeability lowering barrier (24) to 
said septum (22). 
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Preferred embodiments become evident from the de- 
pendent claims. 

[0011] In the process of the invention, a multi-compo- 
nent closure assembly is produced by compression 
molding a puncturable septum directly across an open- 
ing in a cap portion, and then, without removing the cap- 
septum unit from the mold, a permeability-lowering bar- 
rier is introduced and adhered to the septum. 
[0012] Referring now to the drawings, Figs 1-3 illus- 
trate a typical tube closure assembly fabricated by the 
process of the invention. Assembly 10 includes a cap 
portion 11 having an annular top wall 12 having a bottom 
edge 1 3 and a side wall 1 4 defining an open bottom end 
1 6. Side wall 1 4 may include a shelf 1 8 for engagement 
with the lip of a tube (not shown). Top wall 12 includes 
an opening 20 to receive a needle. A septum 22 is ad- 
jacent and adhered to bottom edge 1 3 of cap portion 1 1 . 
A permeability lowering barrier 24 is adjacent and ad- 
hered to septum 22. As shown in Fig 3, septum 22 is 
visible through opening 20 when the closure assembly 
is viewed from above. 

[001 3] The cap portion 1 1 of the assembly may be fab- 
ricated by any conventional process, such as injection 
molding, and may be of any conventional plastic which 
is compatible with and forms a secure bond with the ma- 
terial selected for the septum, as delineated below. Pre- 
ferred plastics for the cap are polyolefins, such as pol- 
yethylene or polypropylene, polyethylene terephatha- 
late (PET) and polystyrene. Fabrication of the cap por- 
tion is not part of this invention. The injection molded 
cap portion may be placed in the female cavity of a com- 
pression mold with top wall 12 in the bottom of the cavity 
so that open bottom end 1 6 faces up. A quantity of melt 
of TPE predetermined to form septum 22 is then intro- 
duced, preferably by extrusion, into the cap portion in 
the mold cavity. A matching male forming pin is intro- 
duced into the female cavity to force the elastomer into 
the shape of septum 22 which is thereby pressed 
against and bonds with bottom edge 13 of cap top wall 
12. 

[0014] Any TPE which forms a secure bond to the cap 
may be used for the septum. Suitable thermoplastics for 
septums to be used with polystyrene caps are for exam- 
ple acrylonitrile- butadiene-styrene or styrene-butadi- 
ene rubbers. For PET caps a septum of polyester TPE, 
such as HYTREL™ (DuPont) is preferred. 
[0015] Elastomers suitable for septums to be used 
with polyolefin caps are thermoplastic polyolefin rub- 
bers, generally referred to as TPOs, for example ethyl- 
ene-propylene-diene monomer (EPDM) rubber in a 
polypropylene matrix, commercially available under the 
trade name SANTOPRENE™ from AES (Advanced 
Elastomer Systems, Akron, Ohio). 
[001 6] A preferred elastomer for septums to be used 
with polyolefin caps is the class of copolymers known in 
the art as metallocene copolyolefins, i.e., copolymers 
made using metallocene catalysts. Exemplary of such 
products are copolymers of ethylene with an alpha olefin 



of 3-20 carbon atoms. Thes products ar commercially 
available from Exxon under the trade name EXACT™ 
or from Dow under the trade name ENGAGE™. 
[001 7] The most preferred elastomer for a septum to 
5 be used with a polyolefin cap is a metallocene copoly- 
mer of the EXACT or ENGAGE series which has been 
silane-grafted to contain about 0.2-1 0% by weight of si- 
lane. Silane-grafted metallocene polyolefin copolymers 
are well known in the art and are fully described in Eu- 
10 ropean Patent Application EP 0 702 032A2 and Interna- 
tional Application No. WO 95/29197. They form excep- 
tionally strong bonds to polyolefin caps. Silanes which 
may be grafted to polyolefins are sold by HULS AG 
(Somerset, N.J.) underthetrade name DYNASYLAN™. 

>5 A preferred grafting agent is vinyl trimethoxy silane. 
[0018] If it is desired that the septum be hardened, the 
capseptum unit in the mold may optionally be exposed 
to moisture to crosslink the polymer of the septum 
through siloxane groups. Crosslinking of silane-grafted 

20 metallocene polyolefins is conventional in the art. 
[001 9] Without removing the cap-septum unit from the 
mold, a permeability lowering barrier is pressed against 
and bonded to the septum. The barrier preferably is of 
foil, most preferably aluminum foil, though any other 

25 suitable material as known in the art may be used. If a 
more secure bond between the septum and the foil bar- 
rier is desired, the foil may be coated with any suitable 
adhesive such as CHEMLOK™ (Lord Corporation, Erie, 
PA). The barrier may be about 0.3 to 3 micrometers 

30 thick. 

[0020] The preferred process of the invention is con- 
tinuous. In this embodiment of the invention, a line of 
female compression molds moves along a track. Each 
mold visits sequentially a series of stations where an op- 

35 eration in the process takes place. Thus, at a first station 
along the track, the mold receives the injection molded 
cap portion, as described above. The mold containing 
the cap advances along the track to a second station 
where the predetermined quantity of elastomer is ex- 

40 truded into the cap in the mold. At this station, the mating 
male forming pin may be introduced to compression 
mold the elastomer into the shape of the septum, or pref- 
erably, the mold, after receiving the elastomer, may be 
advanced to the next sequential station where the fomv 

45 ing pin enters the mold and compression molds the elas- 
tomer into the septum and against the bottom edge of 
the top wall of the cap. The forming pin may then be 
retracted and the foil or foil -adhesive unit introduced and 
pressed against the septum by reentry of the forming 

so pin. 

[0021] Alternatively, the mold containing the cap-sep- 
tum unit may be further advanced and the foil barrier 
introduced at a subsequent station. An apparatus suit- 
able for the continuous process of the invention is de- 
55 scribed in detail in U.S.-A-4.31 4,799. 

[0022] In any closure, it is critical that the septum bond 
securely to the cap so that no separation or leakage oc- 
curs. For example, it is readily seen that failure of the 
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septum-cap seal would compromise the vacuum in an 
evacuated blood collection tube and lead to incomplete 
sample collection. In the present invention, it has been 
found that compression molding the melt bonds the 
elastomeric septum against the cap with sufficient s 
strength so that adhesive is not required and leakage 
does not occur. Bond strength between septum and cap 
in closures made by the process of the invention and 
the prior art may be tested qualitatively for leakage by 
the procedure of the Example. 10 

EXAMPLE 

[0023] The closure to be tested for leakage was in- 
serted into the open end of a 1 6X1 00 mm plastic tube. 15 
Ten ml of water were added (80% fill), and the tube was 
dropped from heights of 198.12 and 99.06 cm (78 and 
39 in.) onto a laboratory floor (simulated hospital floor). 
The tubes were then visually examined for leakage 
through the cap-septum seal. No separation of septum 20 
from cap was observed with the following closure as- 
semblies made by the process of the invention, and no 
leakage was observed. 

1) polystyrene cap - HYTREL septum-foil barrier 25 

2) polypropylene cap - SANTOPRENE septum-foil 
barrier 

3) polypropylene cap - silane-grafted EXACT sep- 
tum-foil barrier 



Claims 

1 . A process for making a closure assembly (10) com- 
prising the sequential steps of: 

a) placing a plastic cap portion (1 1 ) of a closure 
assembly (10) having a top wall (12) defining 
an opening (20) into the female cavity of a com- 
pression mold, said cap portion being placed 
with said top wall (12) adjacent to the bottom 
wall (16) of said mold; 

b) adding a thermoplastic elastomer to said cap 
portion (11); 

c) pressing said elastomer into a septum (22) 
sealed against said top wall (12) and covering 
said opening (20); and 

d) affixing a permeability lowering barrier (24) 
to said septum (22). 

2. The process of claim 1 wherein said elastomer is 
pressed into said septum (22) by a matching male 
forming pin. 

3. The process of claim 2 wherein said cap portion (1 1 ) 
is placed in the female cavity of a compression mold 
at a first station of a rotary compression molding ap- 
paratus. • 



4. Th process of claim 1 wherein said plastic cap (1 1 ) 
is of polystyrene, polyolefin or polyethylene tereph- 
thalate. 

5. The process of claim 1 wherein said elastomer is 
selected from a group consisting of styrene-butadi- 
ene rubber, ethylene propylene diene monomer 
rubber, a copolymer of ethylene and an alpha olefin 
of 3 - 20 carbon atoms, and a silane grafted copol- 
ymer of ethylene and an alpha olefin of 3 - 20 carbon 
atoms. 

6. The process of claim 1 comprising: 

a) placing the polyolefin cap portion (11) of the 
closure assembly (1 0) having the top wall (12) 
defining the opening (20) into the female cavity 
of the compression mold, said top wall (12) be- 
ing adjacent to the bottom wall (16) of said 
mold; 

b) introducing a melt of a copolymer of ethylene 
and an alpha olefin of 3 - 20 carbon atoms into 
said cap portion (11); 

c) pressing said copolymer with a matching 
male pin to form a septum (22) against said top 
wall (12) and covering said opening (20); and 

d) affixing a permeability-lowering barrier (24) 
to said septum (22). 



30 7. The process of claim 6 wherein said copolymer in- 
cludes silane grafts. 

8. The process of claim 7 further comprising crosslink- 
ing said septum of silane-grafted copolymer. 



9. The process of claim 1 comprising: 

a) placing the polyolefin cap portion (11) of the 
closure assembly (1 0) having the top wall (1 2) 
defining the opening (20) into the female cavity 
of the compression moid at a first station of a 
rotary compression molding apparatus, the top 
wall (12) of said cap portion being placed adja- 
cent to the bottom of said mold; 

b) adding a predetermined quantity of a melt of 
a silane-grafted copolymer of ethylene and an 
alpha olefin of 3 - 20 carbon atoms into said cap 
portion (11) in said female cavity; 

c) pressing said copolymer with a matching 
male pin to form a septum (22) against said top 
wall (12) and covering said opening (20); and 

d) pressing a permeability-lowering barrier (24) 
against said septum with said male pin. 

10. The process of claim 9 wherein the septum (22) is 
crosslinked. 
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Patentan prCJch 

1 . Verfahren zur Herstellung einer Verschlussvorrich- 
tung (10), umfassend die aufeinanderfolgenden 
Schritte des: " 5 

a) Anordnens eines Kunststoffdeckelteils (11) 
einer Verschlussvorrichtung (1 0) mit einer obe- 
ren, eine Offnung (20) definierenden Wandung 
(12) im Gesenk eines Presswerkzeugs, wobei w 
das Deckelteil so angeordnet wird, dass die 
obere Wandung (12) an die untere Wandung 
(16) des Formwerkzeugs angrenzt; 

b) Eintragens eines thermoplastischen Elasto- is 
mers in das Deckelteil (11); 

c) Pressens des Elastomers in ein Septum (22), 
das gegenuber der oberen Wandung (12) ab- 
gedichtet ist und die Offnung (20) abdeckt; und 20 
des 

d) Anbringens einer durchlassigkeitssenken- 
den Sperrschicht (24) am Septum (22). 



2. 



5. 



Verfahren nach Anspruch 1 , wobei das Elastomer 
mittels eines passenden Positiv-Formgeberstifts in 
das Septum (22) gepresst wird. 

Verfahren nach Anspruch 2, wobei der Deckelteil 
(11) im Gesenk eines Presswerkzeugs in einer er- 
sten Station einer Rotations-Formpressvorrichtung 
angeordnet wird. 

Verfahren nach Anspruch 1 , wobei der Kunststoff- 
deckel (11) aus Polystyrol, einem Polyolefin Oder 
Polyethylenterephthalat besteht. ^ 

Verfahren nach Anspruch 1 , wobei das Elastomer 
aus der aus einem Styrol-Butadien-Kautschuk, ei- 
nem Ethylen-Propylen-Dien-Monomer-Kautschuk, 
einem Copolymer von Ethylen und einem a-Olefin 
mit 3 - 20 Kohlenstoffatomen und einem silange- 
pfropften Copolymer von Ethylen und einem a-Oie- 
fin von 3 - 20 Kohlenstoffatomen bestehenden 
Gruppe ausgewahlt ist. 
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lenstoffatomen in das Deckelteil (11); 

c) Pressen des Copolymers mit einem passen- 
den Positivstift, wodurch ein Septum (22) ge- 
genuber der oberen Wandung (12) gebildet 
wird, wodurch die Offnung (20) abgedeckt wird; 
und des 

d) Anbringen einer durchlassigkeitssenkenden 
Sperrschicht (24) am Septum (22). 

7. Verfahren nach Anspruch 6, wobei das Copolymer 
Silanpfropfungen enthalt. 

8. Verfahren nach Anspruch 7, weiterhin umfassend 
das Vernetzen des Septums aus silangepfropftem 
Copolymer. 

9. Verfahren nach Anspruch 1 , umfassend das: 

a) Anordnen des Polyolefin-Deckelteils (1 1 ) der 
Verschlussvorrichtung (1 0), deren obere Wan- 
dung (12) die Offnung (20) definiert, im Gesenk 
eines Presswerkzeugs in einer ersten Station 
einer Rotations-Formpressvorrichtung, wobei 
die obere Wandung (12) des Deckelteils an die 
Unterseite des Formwerkzeugs angrenzt; 

b) Eintragen einer vorbestimmten Menge einer 
Schmelze eines silangepfropften Copolymers 
von Ethylen und eines cc-Olef ins von 3 - 20 Koh- 
lenstoffatomen in das Deckelteil (11) im Ge- 
senk; 

c) Pressen des Copolymers mittels eines pas- 
senden Positiv-Formgeberstifts, wodurch ein 
Septum (22) gebildet wird, das gegenuber der 
oberen Wandung (12) abgedichtet ist und die 
Offnung (20) abdeckt; und des 

d) Pressen einer durchlassigkeitssenkenden 
Sperrschicht (24) mittels des Positivstifts ge- 
gen das Septum. 



45 1 0. Verfahren nach Anspruch 9, wobei das Septum (22) 
vemetztist. 



6. Verfahren nach Anspruch 1 , umfassend das: 

a) Anordnen eines Polyolefin-Deckelteils (11) 
einer Verschlussvorrichtung (1 0) mit einer obe- 
ren, eine Offnung (20) definierenden Wandung 
(12) im Gesenk eines Presswerkzeugs, wobei 
die obere Wandung (12) an die untere Wan- 
dung (16) des Formwerkzeugs angrenzt; 

b) Einfuhren einer Schmelze eines Copolymers 
von Ethylen und einem a-Olefin von 3 - 20 Koh- 
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Revendications 

1 . Un procedd pour la fabrication d'un dispositif de fer- 
meture (10) comprenant les etapes s<§quentielles 
consistant a : 

a) placer une partie de capuchon en matiere 
plastique (11) d'un dispositif de fermeture (10) 
ayant une paroi de dessus (12) definissant une 
ouverture (20) dans la cavite femelle d'un mou- 
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le de compression, ladite partie de capuchon 
etant placee avec ladite parol de dessus (12) 
contigue a la paroi de fond (16) dudit moule ; 

b) ajouter un elastomere thermoplastique a la- 
dite partie de capuchon (11) ; 

c) appliquer ledit elastomere dans un septum 
(22) etancheif ie vis-a-vis de ladite paroi de des- 
sus (12) et recouvrir ladite ouverture (20) ; et 

d) fixer une barriere abaissant la permeabilite 
(24) audit septum (22). 

2. Le precede selon la revendication 1 , dans lequel le- 
dit elastomere est applique dans ledit septum (22) 
par adaptation d'une goupille de conformation ma- 
le. 

3. Le procede selon la revendication 2, dans lequel la- 
dite partie de capuchon (11) est placee dans la ca- 
vite femelle d'un moule de compression en un pre- 
mier poste d'un appareil de moulage par compres- 
sion rotatif. 

4. Le procede selon la revendication 1 , dans lequel le- 
dit capuchon en matiere plastique (11) est en po- 
lystyrene, en polyol6fine ou en polyterephtalate 
Methylene. 

5. Le procede selon la revendication 1 , dans lequel le- 
dit elastomere est choisi parmi le groupe compre- 
nant le caoutchouc styrene-butadiene, le caout- 
chouc monomere de diene ethylene propylene, un 
copolymere d'&hylene et une alpha-olefine ayant 
de 3 a 20 atomes de carbone, et un copolymere 
Methylene greffe de silane et une alpha-olefine 
ayant de 3 a 20 atomes de carbone. 

6. Le procede selon la revendication 1 , comjkenant 
les etapes consistant a: 

a) placer la partie de capuchon de polyol6fme 
(11 ) du dispositif de fermeture (1 0) ayant la pa- 
roi de dessus (12) dSfinissant I'ouverture (20) 
dans la cavite femelle dO moule de compres- 
sion, ladite paroi de dessus (12) etant contigue 
a la paroi inferieure (1 6) dudit moule ; 

b) introduire un produit fondu d'un copolymere 
d'ethylene et d'une alpha-olefine ayant de 3 a 
20 atomes de carbone dans ladite partie de ca- 
puchon (11); 

c) presser ledit copolymere avec une goupille 
male d'adaptation pour former un septum (22) 
centre ladite paroi de dessus (12) et recouvrir 
ladite ouverture (20) ; et 

d) fixer une barriere abaissant la permeability 
(24) audit septum (22). 

7. Le procede selon la revendication 6, dans lequel le- 
dit copolymere comprend des greffes de silane. 



8. Le procgde selon la revendication 7, comprenant, 
en outre, la reticulation dudit septum du copolymere 
greffe de silane. 

5 9. Le procede selon la revendication 1 , comprenant 
les etapes consistant a: 

a) placer la partie de capuchon de polyolefine 

(1 1 ) du dispositif de fermeture (1 0) ayant la pa- 
roi de dessus (12) definissant I'ouverture (20) 
dans la cavite femelle du moule de compres- 
sion en un premier poste d'un appareil de mou- 
lage par compression rotatif, la paroi de dessus 

(12) de ladite partie de capuchon etant placee 
de fagon contigue au fond dudit moule ; 

b) ajouter une quantite predelerminee d'un pro- 
duit fondu d'un copolymere greffe de silane 
d'ethylene et d'une alpha-olefine ayant de 3 a 
20 atomes de carbone dans ladite partie de ca- 
puchon (11) dans ladite cavite femelle ; 

c) appliquer ledit copolymere avec une goupille 
male d'adaptation pour former un septum (22) 
centre ladite paroi de dessus (12) et recouvrir 
ladite ouverture (20) ; et 

d) appliquer une barriere abaissant la permea- 
bilite (24) centre ledit septum avec ladite gou- 
pille male. 

10. Le procede selon la revendication 9, dans lequel le 
septum (22) est r6ticu!6. 
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